New macrocyclic ester (L) was yielded through reaction of catechol with isophthaloylchloride and isolated as white solid, air stable at room temperature. L was characterized by melting point, mass spectra, FTIR and NMR ( 1 H, 13 C) spectroscopy. The molecular structure was determined by singlecrystal X-ray diffraction. The macrocyclic compound was evaluated to determine ultra-trace concentrations of Pb (II) by anodic stripping voltammetry in the presence of Cd(II). The method is based on the formation of a complex between lead and the macrocyclic ester, immobilized on a vitreous carbon electrode, allowing the oxidation of lead by voltammetric scan, using square wave modulation method. Anodic peak current was observed at -0.20 V for Pb(II). Under the best experimental conditions (pH 4.0; L concentration 10.0 mmol L -1 ; accumulative potential (Eacc) -0.8 V and accumulative time (tacc) of 60 s) anodic peak current was proportional to the Pb (II) concentration up to 80.0 μg L -1 , with a detection limit (3σ) of 0.33 μg L -1 . The proposed method was validated by determining Pb(II) in model solution with ultra-pure water with satisfactory results.
INTRODUCTION
Lead is a highly toxic metal compared to other metals. The Agency for Toxic Substances and Disease Registry classified lead among the ten most dangerous pollutants. This metal can cause increased blood pressure, anemia, and tumors [1] . In addition, lead is dangerous at low concentration (µg L -1 ); therefore, it is very important to analyze traces of lead even in the presence of other metal ions. In ultra-trace analysis of metal ions, anodic stripping voltammetry (ASV) has been the most popular electroanalytical technique used due to its quickness, good selectivity, sensitivity, and low instrumentation cost compared to other techniques like inductively coupled plasma mass spectroscopy [2] . Traditionally, mercury [3] , bismuth [4] ,and antimony film electrodes [5] have been widely used as working electrodes to determine Pb (II). Nevertheless, due to the toxicity of these metals (Hg, Bi, Sb) [6] ,there is increased use of alternative molecules that can be immobilized on the working electrodes and that allow selectivity, sensibility, and quantification of Pb (II). Within this context, macrocyclic crown ethers [7] and conductor polymers [8] [9] [10] have been used to determine lead in the presence of other metal ions. Macrocyclic compounds can be employed to modify electrodes and to determine lead, enhance its selectivity and sensitivity [11] [12] [13] . The purpose of this study was to report the synthesis and structural characterization of a new macrocyclic ester (L) and posterior application as immobilization agent to determine Pb (II) through ASV. 
EXPERIMENTAL

General procedure
All the reagents and solvents were purchased from commercial sources and used without further purification. Dioxane was dried by using sodium and benzophenone as indicator. Fourier Transform Infrared (FTIR) spectra were recorded on a Thermo Nicolet NEXUS FTIR spectrophotometer using KBr pellets. Nuclear magnetic resonance (NMR) spectra were recorded in chloroform-d (CDCl 3 12, 16 .0 4, 9 .0 19, 24 ]dotriaconta-1(31), 4(9) , 5,7,12(32) , 13,15,19,21,23,27,29-dodecaene-2,11,17,26- 
tetrone(L)
A total of 10 mL of dry dioxane was added to a mixture of catechol (122mg, 1.1mmol), isophthaloyl chloride (203mg, 1mmol) and trimethylamine (223mg, 2.2mmol). The reaction solution was exposed to ultrasonic irradiation for 30 min under nitrogen atmosphere, resulting in a white suspension. The resulting mixture was filtered and dioxane was removed under reduced pressure. 
X-ray structure determination
Colorless crystals of the compound suitable for single-crystal X-ray diffraction were grown by slow evaporation of solutions in chloroform. The X-ray intensity data were measured at room temperature (299(2) K) using CuKα radiation (λ=1.54184 Å) in an Agilent Super Nova, Dual, Cu at zero, Atlas four-circle diffractometer equipped with a CCD plate detector. The collected frames were integrated and the data corrected for absorption effectusing the CrysAlisPro Agilent Technologies software package (version 1.171.37.35). In the case of the absorption correction, an empirical methodology using spherical harmonics was performed which is implemented in SCALE3 ABSPACK scaling algorithm. The structure was solved using an iterative algorithm [1] and subsequently completed by difference Fourier map. All the non-hydrogen atoms were refined anisotropically while the hydrogen atoms were generated geometrically and placed in calculated positions (C-H=0.93-1.1 Å) and included as riding contributions with isotropic displacement parameters set at 1.2 times the U eq value of the parent atom. The crystal structure was refined using the program SHELXL2014 [2] . The graphic material was prepared using the software Mercury 3.8 [3] .
Electroanalytical studies
Reagents
Ultra-pure water used for sample preparation, dilution of reagents, and rinsing purposes was obtained from Merck. All chemicals (nitric acid, acetic acid, sodium hydroxide, etc.) were analytical grade from Merck (Darmstadt, Germany). Standard Pb II) and Cd (II) solutions were prepared by diluting commercial standard containing 1000 mg L -1 , Merck (Darmstadt, Germany). Solutions of (L)
were prepared by dissolving appropriate amounts in DCM. Acetate buffer solutions (0.1 mol L -1 ) were used at pH 4.0. Model solutions containing 5.0 mg L -1 of Cd (II) and Pb (II) were used for validation studies. No deaeration of the solutions were applied in this study.
Instrumentation
Voltammograms were obtained on DropSens µStat400 using 3-mm diameter glassy carbon electrode. The reference electrode was Ag/AgCl/KCl 3.0 M and the auxiliary electrode was platinum wire. pH was measured with an OhausST3100C-F apparatus.
Voltamperometric procedure
Amounts of 10 mL of deionized water, 0.2 mL of acetate buffer solution (0.1 M) and aliquots of Pb (II) and Cd (II) solution (5.0 µg L -1 ) were added into the voltammetric cell. The standard measuring procedure was performed by using square wave stripping voltammetry (SWSV); accumulation time of 60s and potential accumulation of -0.80V. At the end of the accumulation time, the stirrer was switched off; after the 3-s equilibration time, a square wave voltammograms (SWV´s) was recorded, while the potential was scanned from -1.0 to 0.20 V with 0.01 V step amplitude, 0.10V pulse amplitude, and 20-Hz frequency. Each voltammograms was repeated three times. The standard additions method was used to determine Pb (II) in the model solution and to check response linearity. All experiments were carried out at room temperature.
Preparation of modified electrode with immobilization of (L) over glassy carbon (GCE-L)
Before each preparation, the glassy carbon electrode was polished by using a polishing pad with 0.05-μm Al 2 O 3 slurry, rinsed with 0.3 mol L -1 , HNO 3 and water (5 mL). The modified GCE-L electrode was prepared with a mixture between 0.20 and 8.0 mg of (L) in 1 mL of DCM (pure). A total of 40 µL from the mixture was dispersed on the glassy carbon surface, leading the solvent to evaporate. The modified GCE-L electrode was washed to remove excess solvent and was subjected to five cycles of potential between -0.3 and 0.9 V (100 mV s −1 ) to obtain a stable, reproducible, and clean surface. The same electrode was used in a series of measurements. Serrano et al., reported the use of lysine to immobilize a crown ether on graphite-epoxy electrode [7] . We did not need to previously modify the glassy carbon surface to immobilize L., the low solubility in water and the presence of functional groups allows easy adsorption on the glassy carbon surface. Electrode preparation is shown in Scheme 1. Scheme 1. Electrode preparation.
RESULTS AND DISCUSSION
Synthesis and characterization of (L)
The macrocyclic ester was synthesized by reaction of catechol and isophthaloyl chloride, using dry dioxane as solvent and trimethylamine as base under ultrasonic irradiation for 30 min (Scheme 2). Said macrocyclic ester was isolated as a white solid, air stable, and soluble in dichloromethane, chloroform, and dioxane. Synthesis was easy and fast, as well as the purification. Yield is higher than the one obtained for similar compounds synthesized by using conventional conditions and ultrasonic irradiation [17] . The FTIR spectra showed the typical vibration modes expected for ester 1755(C=O), 1298, and 1054 cm -1 (C-O-C).
Scheme 2. Synthesis of macrocyclic ester
The The crystal structure of the synthesized macrocyclic ester was determined ( Table 1 ). The molecule is comprised of four benzene moieties linked cyclically by ester groups playing a role of spacers between the rings describing a boat conformation with tct relative configuration (see Fig. 1a ) [18] . The observed conformation may be partly stabilized by intramolecular C2-H2‧‧‧O5 contacts, which also introduces molecular distortion making half of the rings conformationally different. This phenomenon is observed in the dihedral angles between the least square planes through the benzene rings C2-C3-C14-C16-C16-C1'/C6-C7-C8-C9-C10-C11 and C1-C2'-C3'-C4'-C15'-C16'/C6-C7-C8-C9-C10-C11 with values of 75.29(15) ° and 46.29(15) °, respectively.
The structure have a Z' value of 0.5 which is a result of the coincident symmetry of the molecule with the two fold rotation axis along [010] which falls in the center of the molecule at (1/2,y,1/4).
In the crystal (see Fig. 1b 
Determination of Pb(II) in the presence of Cd(II) using modified electrode with L
With the objective of verifying (L) immobilized on glassy carbon surface, hydroquinone (HQ), Pb(II) and Cd(II) as model solutions were studied. Figure 2A shows the cyclic voltammograms of HQ (0.081 M) in acetate buffer solution at pH 4.0 (0.1 mol L -1 ), using a glassy carbon electrode (GCE, curve a) and immobilized macrocyclic ester glassy carbon electrode (GCE-L, curve b). With the electrode without L, the redox peak of the HQ reaction (C 6 O 2 H 2 → C 6 O 2 2-+ H 2 + + 2e -) were found at 1.12 V (anodic peak current) and 0.20 V (cathodic peak current) [15] . However, using GCE-L, the anodic and cathodic peak currents were found near the same potential, but anodic and cathodic currents decreased almost 75%. Electron transfer was affected by the macrocyclic film. We think that Lon the electrode surface possibly acts as a screen that blocks electron transfer of organic molecules. These changes in the voltammograms confirmed that L has been immobilized on the electrode surface. Similar results were reported with the ferrocyanide/ferricyanide systemby using other macrocyclic compounds [7] . One well-developed peak appeared for Pb (II) (4.9 µg L -1 ) with the GCE-L (curve b, Fig.2B ), confirming the formation of the complex. Anodic peak current is higher compared to the unmodified electrode (curve a, Fig.2B ). Serrano et al., reported two well-developed stripping peaks at -0.80 and -0.53V for Cd (II) and Pb (II), respectively, using crown ether-modified glassy carbon electrode [7] . In our measurements, the oxidation potential for lead was higher because desorption requires more energy. Probably, the complex formed between macrocyclic ester and lead presents high stability.The GCE-L modified electrode prepared ex situ showed greater selectivity for lead and not for cadmium. In order to find the optimum conditions (highest sensitivity) for Pb (II) determination using GCE-L, the influence of various parameters, like concentration of (L), tacc, and Eacc on peak current were studied. Concentrations of (L)0.16 to 16.0 mmol L -1 were investigated (Fig.3A) . The experimental conditions were: Pb (II), Cd (II) 4.5 μg L -1 ;pH 4.0 (acetate buffer), tacc 60s, and Eacc -1.0V. Anodic peak current increases when (L) concentration is changed from 0.16 to 10.0 mmolL -1 , and at higher concentration it remains constant. An (L) concentration of 10.0 mmolL -1 yields the best sensitivity and was selected for further measurements. Anodic peak current dependence on accumulation potential for Pb (II) was examined from -0.7 to -1.1 V (Fig. 3B ). Anodic peak current was almost constant between -0.7 and -0.9 V. -0.8V providing the maximum anodic peak current and was selected for future measurements. Variation of the accumulation time anodic peak current increased linearly with accumulation time up to 80 s; an accumulation time of 60 s was chosen as optimum (Fig. 3C) . (Fig. 4) , with a detection limit (3S xy /b) of 0.33µg L -1 .Where S xy is the random error in x and y, and b is the slope [19] . Precision expressed as the relative standard deviation (RSD) was 1.2% for seven successive measurements of the same sample containing 4.5 μg L -1 of Pb(II).
With respect to sensibility at Pb (II) were reported values between 1.5 and 3.3 µg L -1 and 1.2 and 8.0µg L -1 , respectively, using macrocyclic ether on composite electrodes [7, 20] . In our measurements, the sensibility of Pb (II) was equally satisfactory. These reports have been summarized in 
Interference studies and validation of the method
The usefulness of the present method was evaluated by determining Pb 
Real samples analysis
The developed electrode was applied to the determination of Pb(II) in commercial mineral and river waters and tap water without previously treatment. Pb(II) concentration was 0.9 ± 0.1 μg L −1 In the other samples of water was not detected, possibly the concentration of Pb (II) was below the of detection limited.
CONCLUSIONS
In summary, we synthesized and characterized a new air stable macrocyclic ester formed by reacting catechol with isophthaloyl chloride. The molecular structure of L was confirmed through Xray diffraction. The present work shows that this new macrocycle ester can be explored to modify electrode surface to improve its surface area, conductivity, and selectivity toward quantification of lead.
SUPPLEMENTARY DATA
Crystallographic data has been deposited with the Cambridge Crystallographic Data Centre, CCDC numbers 1477667, copies of this information may be obtained free of charge from CCDC, 12 Union Road, Cambridge, CB2 1EZ, UK (fax: 44-1223-336-033; e-mail: deposit@ccdc.cam.ac.uk or www: http://www.ccdc.cam.ac.uk).
